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ABSTRACT 
 

College and graduate school present a number of challenges for students, often while 
they are also juggling other major life transitions that impact social relationships, sleep, 
physical health, and overall well-being. In this study, students were randomized to one of 
two psychosocial stress-management interventions.  One workshop, Your Enlightened Side 
(YESplus), taught a yogic breathing and acceptance-based approach to stress-management 
in a rich social environment.  Wisdom On Wellness (WOW), in contrast, targeted cognitive 
approaches to stress-management while matching YESplus in terms of scheduling and 
duration (4 consecutive days, 18 hours total), group size, amount of material, general 
format, and involving some level of social interaction.  Outcomes were evaluated across self-
report domains of stress and wellness, as well as psychophysiological response to a 
laboratory stress induction at pre, post, and 3-month follow-up.  Forty-five students 
completed all timepoints and were used for analysis.  YESplus and WOW participants 
reported similarly high ratings of the workshops, along with similar retention rates from first 
to last day of workshop (92% vs. 91%), as well as from post to 3-month follow-up (79% vs. 
70%).  YESplus demonstrated significant decreases in perceived stress at post (-24.6% 
average change, p=.017, d=-0.58) as well as 3-month follow-up (-22.3%, p=.002, d=-0.84) 
relative to pre-workshop, in contrast to no significant changes for WOW (0.8% average 
change at post and -10.5% at follow-up).  A number of other improvements in self-report 
measures of well-being including sleep, social connectedness, depression, self-esteem, and 
life satisfaction were observed for YESplus, but not WOW, after correcting for multiple 
comparisons.  At laboratory visits, WOW demonstrated anticipatory stress-related increases 
in resting breathing rate and heart rate from pre to post-workshop, while YESplus 
demonstrated a protective effect and did not change.  Decreases in heart rate during stress 
induction were evident for both groups at post-workshop as well as 3-month follow-up 
relative to pre-workshop (d’s=-0.52 to -0.92).  However, improvements in heart rate 
variability were significant after correction for multiple comparisons only for WOW.  These 
findings have implications for understanding changes in subjective well-being and acute 
stress physiology in response to brief psychosocial and breathing-based versus cognitively 
based interventions. 
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INTRODUCTION 
 

The transition from adolescence to adulthood, particularly for college students, 
presents major life changes and challenges.  For many, this transition involves moving away 
from home, acculturating to a new social environment, building new relationships, and 
greater financial and academic responsibilities.  With these challenges, stress management 
and coping strategies become paramount in supporting health, developmental growth, and 
social relationships. 

Numerous studies have demonstrated multi-directional relationships among stress 
(both psychological and physiological aspects), sleep, social connectedness, and well-being 
(Figure 1).  For example, sleep disturbance has been associated with increases in 
psychological and biological stress, as well as alterations in immune function and other 
regulatory processes impacting health and wellness (Irwin, Wang, Campomayor, Collado-
Hidalgo, & Cole, 2006).  These psychophysiological changes can in turn both create and 
maintain further patterns of sleep disturbance as part of a negative cycle (Imeri & Opp, 
2009; Majde & Krueger, 2005).  Social connectedness and relationships similarly have a 
substantial impact on health and wellness (Yang et al., 2016), as well as bidirectional 
relationships with stress and sleep (Benham, 2010).  Due to the many challenges and 
transitions associated with life as a student, this population can often be particularly 
vulnerable to changes in these domains.  Accordingly, it is likely that interventions targeting 
any one of these factors, and particularly interventions targeting all three of these 
components simultaneously, will be of substantial benefit for improving well-being.  It is 
important to note that these three components highlighted here are only a few of the 
numerous domains impacting well-being, such as medical conditions, nutrition, exercise, 
spirituality, etc. 

 
Cardiac measures of stress physiology 
 
 Stress physiology encompasses changes in endocrine, autonomic, and immune 
system function, among other domains.  Cardiac measures of stress have been a prominent 
focus of stress research due to the non-invasive nature of recording electrocardiogram 
(ECG) signals, ease of calculating the corresponding metrics, and reliable associations with 
autonomic nervous system activity, particularly parasympathetic activity (Allen, Chambers, 
& Towers, 2007; Shaffer & Ginsberg, 2017; Thayer, Åhs, Fredrikson, Sollers, & Wager, 
2012).  Heart rate (HR) reflects the complex, net contributions of autonomic activation, and 
therefore has been considered a useful but non-specific cardiovascular metric of stress (Kim, 
Cheon, Bai, Lee, & Koo, 2018).  Heart rate variability (HRV), on the other hand, reflects 
the beat-to-beat fluctuations in heart rate, heavily influenced by respiration and vagal 
control.  With each inhalation, heart rate slightly speeds up, and with each exhalation, it 
slows back down.  Innervation from the vagus nerve, with activity partly dependent on 
respiration, further modulates HRV and therefore enables this metric to be used as a proxy 
of parasympathetic activity.  In addition to total HRV, respiratory sinus arrhythmia (RSA) 
is one of a number of commonly used metrics to measure these variations in heart rate.  
RSA specifically reflects variations in heart rate corresponding to the respiratory rate of 9-24 
breaths per minute (0.12-0.40Hz), which has been widely accepted as mediated by 
parasympathetic activation via the vagus nerve.  Total HRV is not limited to this specific 
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range of breathing rate and has been debated to involve sympathetic contributions, although 
more recent investigations have demonstrated that breathing rates slower than 0.12Hz also 
appear to be predominantly vagally mediated (Kromenacker, Sanova, Marcus, Allen, & 
Lane, 2018).   
 
Laboratory stress induction 
 
 Experimental stress induction in a laboratory setting has become a valuable tool to 
evaluate the various domains and types of stress in a controlled environment.  Two 
commonly used stress induction tasks are the cold pressor test, which elicits distress via pain 
and physical discomfort, and the Trier Social Stress Test, which elicits distress via social 
evaluation and emotional pressure (Bali & Jaggi, 2015).  The Maastricht Acute Stress Test 
(MAST) has been developed to further elicit a reliably robust stress response by combining 
the social evaluative component of the Trier task and physical pain of the cold pressor task 
in an alternating fashion to introduce additional components of unpredictability (Smeets et 
al., 2012).  The MAST, with this multi-component approach, has been shown to elicit 
greater cortisol response than other traditionally used stress tasks, along with reliable 
response across repeated administrations, and thus has become a highly useful method for 
experimental stress induction (Quaedflieg, Meyer, van Ruitenbeek, & Smeets, 2017).    
 
YESplus workshop as stress management and wellness intervention 
 

Your Enlightened Side (YESplus) is an integrative life skills workshop for college 
students and young adults, taught over four consecutive days (18 hours total) with an 
emphasis on breathing techniques and social connectedness to enhance stress management, 
to intervene in the potential negative cycles described above, and to improve overall well-
being.  In addition to specific contemplative techniques such as yoga, mindfulness 
meditation, and compassion meditation, YESplus incorporates partnered and group 
discussions, as well as other activities that emphasize social interaction, leadership, and 
community service.   

The cornerstone practice taught in YESplus is Sudarshan Kriya Yoga (SKY), a yogic 
breathing practice that involves both slow and fast patterns of resistive breathing aimed at 
enhancing stress management, sleep quality, and overall well-being via strengthening 
autonomic regulation (Brown & Gerbarg, 2005a).  Regulation of sympathetic and 
parasympathetic activity, particularly during a stress response, can directly impact 
subsequent sleep and other biological processes relevant to stress and health (Raison & 
Miller, 2003; Stein & Pu, 2012).   

YESplus has been reported to improve psychological and physiological markers of 
stress in the two currently available studies from the literature.  In an open-trial pilot study, 
YESplus was associated with improvements in several subjective measures of well-being, as 
well as rate-to-recovery of heart rate following physical exertion at one-month post-
workshop relative to pre-workshop baseline (Goldstein et al., 2016).  In another longitudinal 
study with a no-treatment comparison group, YESplus was found to mitigate the increases 
in lipid and hematologic markers of stress during exam periods, interpreted to reflect the 
protective benefit of SKY practice in the context of stress (Subramanian, Elango, 
Malligarjunan, Kochupillai, & Dayalan, 2012).  
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Similar to the YESplus workshop that is designed for a young adult student 
population, workshops for SKY training have been developed for other populations as well, 
including general adults (Zope & Zope, 2013), high school students (Ghahremani et al., 
2013), depression (Janakiramaiah et al., 2000; Sharma, Barrett, Cucchiara, Gooneratne, & 
Thase, 2017), military veterans with PTSD (Carter et al., 2013; Seppälä et al., 2014; Walker 
& Pacik, 2017), and prison settings (Sureka et al., 2014).  Across these studies, SKY training 
has been associated with improvements in subjective stress, depression, anxiety, PTSD 
symptoms, addiction, emotion regulation, autonomic regulation, and immune function. 

Despite the literature of at least 70 studies on outcomes associated with SKY 
workshops, a few key challenges of this literature limit the impact of SKY research thus far.  
First, the majority of these studies use an open-trial design, in which participants are aware 
that they are undergoing the “active” intervention being studied.  Second, the studies that 
employ a control group have rarely used an active comparison.  One important exception to 
this trend is a report comparing SKY with electroconvulsive therapy and imipramine in 
depressed participants (Janakiramaiah et al., 2000).  However, no study to date found in the 
current review of the SKY literature uses an active comparison workshop of similar setting, 
duration, and group format to account for placebo effects that likely contribute to the 
positive benefits associated with SKY.  Third, many of the prior SKY reports have been 
published in journals with minimal peer review and are not consistent with current 
standards of Western scientific rigor, such as delineated primary outcome measures, 
corrections for multiple comparisons, and workshop evaluations to account for expectancy 
effects.   

    
Study aims and hypotheses 

 
This study was designed to address several of these gaps in the current literature by 

evaluating the impact of YESplus versus a credible, active comparison workshop on 
subjective well-being and stress physiology in a sample of college students at post-workshop 
as well as a 3-month follow-up.  Consistent with the theoretical framework depicted in 
Figure 1, the primary outcome measures focused on changes in the domains of stress (both 
psychological and physiological aspects), sleep, and social connectedness across time as a 
function of YESplus intervention, which can then guide further investigation of 
interrelationships and moderators. 
 
Self-reported well-being 

The first aim of was to evaluate the impact of YESplus intervention on self-reported 
well-being.  I hypothesized that, relative to control, YESplus participants will demonstrate 
greater improvements on questionnaires measuring perceived stress, sleep disturbance, and 
social connectedness as the primary outcomes of interest centering around well-being. 
 
Stress physiology 

In regards to cardiac metrics recorded from the laboratory visits, I hypothesized that 
YESplus will demonstrate greater increases in HRV at rest, during stress induction, and 
during recovery from stress induction at post and 3-month follow-up compared to control.  
Several secondary outcomes, including mean heart rate, were also evaluated to provide 
further context of the primary focus on HRV. 
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METHODS 
 
Participants and design 
 

One hundred and eight undergraduate and graduate students enrolled in the study.  
A pseudo-randomization procedure was used to assign participants to YESplus or 
comparison intervention (WOW, see below) to enable friends or known others to be 
grouped together.  Once grouped together, a digital randomization method was used to 
ensure an approximately equivalent distribution across interventions. 

Inclusion criteria were as follows: 18-35 years of age, generally healthy by self-report, 
and undergraduate or graduate student status.  Participants were excluded for any history of 
uncontrolled medical conditions (e.g. traumatic brain injury, poorly controlled diabetes, 
severe congestive heart failure), or other medical conditions that have not been stable for at 
least 3 months, or history of psychotic disorders, psychotic symptoms, mania (with or 
without psychotic features), panic disorder, or substance abuse or dependence within the 
last 4 months.  

Data were collected at three timepoints: pre-workshop (T1), post-workshop (T2), and 
3-month follow-up (T3), involving both online questionnaires and laboratory visits at each 
timepoint.  Pre and post timepoints were completed within two weeks before and after the 4-
day workshop, respectively, and follow-up was completed 12-14 weeks after the post-
workshop laboratory visit. Questionnaires were completed online prior to laboratory visits 
at each timepoint.  Figure 2 illustrates the flow of the laboratory visit.  Analysis of stress 
physiology metrics focused on rest, stress induction, and recovery at 30 minutes post-stress 
task onset.   

Ethics approval was obtained through the University of Arizona IRB. 
 
Interventions 
 
YESplus workshop  

Yoga, Empowerment, and Service (YESplus) is a four-day, 18-hour integrative life 
skills workshop with a strong emphasis on breathing techniques to enhance stress 
management, intervene in the potential negative cycle described above, and improve well-
being.  In addition to specific contemplative techniques such as yoga, mindfulness 
meditation, and compassion meditation, YESplus incorporates discussions and other 
activities to facilitate social connectedness, leadership, and community service.  

During the workshop, participants have ample time to practice the Sudarshan Kriya 
Yoga (SKY) technique and ask questions.  SKY has four sequential, form- and rhythm-
specific breathing components interspersed with normal breathing while sitting in a relaxed 
position with eyes closed, followed by Yoga Nidra (tranquil state of rest) for 10-15 minutes 
in a supine position, yielding a total duration of 30-40 minutes for the entire practice.  
Following the training workshop, participants were recommended to practice SKY at home 
daily.  Three certified instructors with a minimum of 1,000 hours of SKY instruction 
training volunteered time to conduct the workshops.  Workshops were conducted over the 
course of approximately 18 months with groups of 10-15 participants in each workshop.   
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WOW workshop 

A comparison workshop, “Wisdom On Wellness” (WOW) was created specifically 
for this study to control for potential expectancy effects, time commitment, group-based 
interactions, and wisdom/knowledge of YESplus that is anticipated to have beneficial 
effects on stress management and well-being, allowing for more rigorous evaluation of the 
contemplative practices and other activities unique to the YESplus workshop.  A 
psychoeducation approach to stress-management has been shown to improve reported stress 
in a number of prior studies (van Daele, Hermans, van Audenhove, & van den Bergh, 
2012), enhancing its utility as an active comparison workshop here.  The material used to 
guide interactions in WOW was similar to the material of YESplus and was taught by a 
trained instructor with supervision by the Principal Investigator and Study Coordinator.  
This workshop differed from YESplus due to the increased focus on cognitive approaches to 
conceptualizing and managing stress (e.g. stress reappraisal), and absence of physical or 
contemplative activities.  Using a facilitated focus group format, a variety of topics was 
covered such as the nature of stress for humans, response to stressful events, time 
management, study skills, alcohol and drug use, personal values, career exploration, sleep 
habits, and nutrition. 
 
Experimental Stress Induction 
 
 The Maastricht Acute Stress Test (MAST) was used for experimental stress 
induction (Bali & Jaggi, 2015; Smeets et al., 2012).  A research staff member in a white 
laboratory coat explained that the session would be video-recorded for coding purposes and 
provided background information regarding performance norms.  Next, the researcher 
delivered instructions for the task that was guided by a Powerpoint presentation.  The 
MAST consisted of a 10-minute acute stress phase that combined elements of both the 
commonly used Cold Pressor Test and Trier Social Stress Test, adding an element of 
uncertainty by cycling between these two tests at slightly unpredictable time intervals 
(Figure 3).  For the hand immersion trials (HIT), participants inserted their dominant hand 
and wrist in a bucket of ice water (approximately 2° C) for up to 90 seconds.  Participants 
were instructed they may remove their hand at any time.  Upon removal, participants 
placed their hand on a towel and immediately began a mental arithmetic (MA) task, for 
which participants were instructed to count backwards by 13, 17, or 18 from a randomly 
selected number between 2013 and 2073, with interjections to start over from the beginning 
if any calculations were incorrect.  Neutral or negative feedback was provided throughout 
the task, including comments such as “That’s wrong.  Start over” and “You’re going too 
slowly.” 
 
Measures 
 
Questionnaires 

Participants were asked to complete a collection of online questionnaires at each 
timepoint (Visit), including the short-form Mood and Anxiety Symptom Questionnaire 
(MASQ) (Clark & Watson, 1991), Perceived Stress Scale (PSS) (Cohen, Kamarck, & 
Mermelstein, 1983; Taylor, 2015), Pittsburgh Sleep Quality Index (PSQI) (Buysse, 
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Reynolds, Monk, Berman, & Kupfer, 1989), Big Five personality inventory (BFI) (John & 
Srivastava, 1999), Rosenberg Self-Esteem Scale (RSES) (Rosenberg, 1965), Satisfaction 
With Life Scale (SWL) (Diener, Emmons, Larsen, & Griffin, 1985), and Social 
Connectedness (SC) (Lee, Draper, & Lee, 2001).   
 Participants and instructors were asked to complete workshop evaluations at the end 
of the first and fourth (final) day of the workshop.  The evaluations consisted of four 
questions rating on a 0-9 Likert scale their confidence that the workshop is beneficial, 
willingness to engage with the material, credibility of the instructor, and likelihood to 
recommend to a friend.  The questions were worded slightly differently for instructors 
however covered the same four points.   
 
Electrocardiogram (ECG) and respiration measures 

Physiological data were collected with Powerlab 16/35 equipment and LabChart 8 
software (ADInstruments, Dunedin, New Zealand) at 1000Hz sampling rate.  Individual 
electrodes were placed at collarbone and lower ribcage locations to collect ECG recordings.  
Respiratory inductance plethysmography was recorded concurrently via two adjustable belts 
placed around the participant’s abdomen, one passing around the sternum and the other 
passing around the navel.  Data were recorded for the entirety of the laboratory visit with 
markers to designate recording blocks of interest (e.g. two-minute resting baseline, stress 
induction, and two-minute resting recovery periods).  ECG data were then processed using 
QRSTool software (Allen et al., 2007) with CMetM scripts (http://www.psychofizz.org) in 
MATLAB to determine cardiac stress measures including resting heart rate (HR), heart rate 
variability (HRV), and respiratory sinus arrhythmia (RSA).  This data cleaning process also 
included visual inspection of the heart rate time series in MATLAB to verify that 
abnormally high or low values were not present for the recording blocks of interest for 
analysis (Figure 4).  Resting respiration data was processed using a semi-automatic method 
to detect individual breaths within the designated two-minute recording windows, enabling 
confident comparison of resting respiration rate across pre- and post-workshop timepoints, 
as well as removal of recordings with breathing rates <0.12Hz for RSA analysis (Figure 5).  
Cronbach alpha values for resting baseline HR and HRV across the three lab visits, 
computed by dividing the two-minute segment into eight 15-second sections, demonstrated 
sufficient internal reliability for these measures (range: 0.721 - 0.822). 
 
Statistical Analysis 
 
 Statistical analysis was conducted in IBM SPSS 24.0 using repeated measures 
ANOVA and selective post-hoc comparisons focusing on within-group change for YESplus 
and WOW at post and follow-up compared to pre-workshop.  For each model, results are 
reported for main effects of Visit (pre, post, follow-up) and Group (YESplus, WOW), as 
well as Visit x Group interaction.  However, due to limited statistical power of this sample 
to detect interactions, analysis focused on within-group change from pre- to post-workshop, 
as well as pre to follow-up, and corresponding within-group effect size.  Thus, to balance 
type I and type II error with these within-group comparisons, a Bonferroni correction was 
applied by multiplying uncorrected p values by 4 (the number of post-hoc comparisons per 
model), allowing alpha to remain at .05 for significance.  Effect size estimates were 
calculated with Cohen’s d.  
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RESULTS 
 
 Figure 6 provides an overview of enrollment and retention across the study.  The 
most common reasons for exclusion at screening were not meeting inclusion criteria (39%) 
and not responding to the official invitation to participate (43%).  A total of 108 participants 
were randomized to one of the two interventions.  However, a notable attrition was 
observed between randomization and attending the first day of the workshops, primarily 
due to unexpected scheduling conflicts and loss of contact.  As a result, 34 participants 
completed the YESplus workshop and 29 completed WOW.  Subsequently, 26 YESplus 
participants completed the 3-month follow-up (T3) and 19 WOW.  Analysis of main 
outcomes presented here thus focus on these 45 “completer” participants.  
 
Demographics 
 
 A similar distribution was observed between YESplus (N=26) and WOW (N=19) in 
terms of age, gender, ethnicity, race, student status, and GPA (Table 1).   
  
Intervention Fidelity 
 
 In examining the workshop evaluations completed by participants on the first and 
last days of the workshop, a main effect of Day was observed (F1,61=42.1, p<.001).  There 
was no evidence for a main effect of Group or Group*Day interaction.  More specifically, 
YESplus and WOW participants reported similarly high ratings of the workshops upon 
completion (8.0±3.1 vs. 7.7±3.1, respectively, on a 0-9 rating scale, p=0.42; Table 2).   
Equivalently high ratings on a comparable evaluation for workshop instructors were also 
observed (Table 2).  Furthermore, similar retention rates of participants were observed from 
the first to the last day of the workshop (92% vs. 91%, Χ2 = 0.01, p=0.97), as well as from 
the first day of the workshop to 3-month follow-up (70% vs. 59%, Χ2 = 0.19, p=0.66). 
 
Questionnaires 
 
Scale reliability 
 Overall, the questionnaires yielded acceptable reliability (Table 3), besides BFI-
Conscientiousness subscale with questionable reliability (α=0.69).  Several scales yielded 
α>0.90. 
 
Primary self-report outcomes: Perceived stress, sleep disturbance, and social connectedness 

Table 4 presents the model results for each of the questionnaires across groups and 
time.  Perceived Stress Scale (PSS) demonstrated a main effect of Visit (F2,84=8.71, p<.001).  
Although a pattern of decreasing perceived stress across time is observable for both groups 
(Figure 7), significant changes were only observed for YESplus, both at post (-21.6% decline 
on average, p=.017 with Bonferroni post-hoc correction, d=-0.58) as well as 3-month follow-
up (-22.3%, p=.002, d=-0.84) relative to pre-workshop.  A similar magnitude of change was 
observed from pre to post for the 8 participants in each group who completed those two 
timepoints but not the 3-month follow-up (YESplus: d=-0.48, WOW: d=-0.56). 
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The Pittsburgh Sleep Quality Index (PSQI), a measure of sleep disturbance, 
demonstrated a Visit*Group interaction (F2,84=3.26, p=.043).  Although a pattern of 
decreasing sleep disturbance across time was evident for YESplus (Figure 7), for WOW 
there was a return to pre-workshop values at follow-up, and none of the within-group post-
hoc comparisons were significant after correction for multiple comparisons.   

Finally, Social Connectedness (SC) demonstrated a main effect of Visit (F2,84=6.47, 
p=.002), driven by increases for YESplus from pre to post (p=.003, d=0.70) as well as pre to 
follow-up (p=.009, d=0.64). 
 
Additional changes in self-reported well-being 
 Several other questionnaire measures demonstrated a significant main effect of Visit, 
including MASQ-GD, MASQ-Total, BFI-Conscientiousness, RSES, and SWL (Table 4).  A 
main effect of Group was observed for BFI-Openness.  Although patterns of improvements 
on multiple measures were observed for both YESplus (Table 5) and WOW (Table 6), 
within-group changes across time remained significant after Bonferroni correction only for 
YESplus.  Specifically, YESplus demonstrated a decrease on MASQ-AD from pre to post 
(p=.013, d=-0.68), decreases on MASQ-Total from pre to post (p=.046, d=-0.51) as well as 
pre to follow-up (p=.021, d=-0.68), increase on BFI-Conscientiousness from pre to post 
(p=.028, d=0.39), increase on RSES from pre to follow-up (p=.002, d=0.58), and increase on 
SWL from pre to follow-up (p=.002, d=0.52). 
 
Laboratory Stress Response 
 
Manipulation checks 
 Although water temperature for the hand immersion trials varied across recording 
blocks of the laboratory stress induction due to the heat transfer from the hand during 
immersions (F11,440=48.14, p<.001; Figure 8), the temperature dropped again during each of 
the math portions and was constant across pre-immersion measurements of the 2nd through 
5th trials (F3,126=1.68, p=.175).   

Across groups and timepoints overall, robust changes were observed for hand surface 
temperature (F12,396=1483.94, p<.001) and subjective stress ratings (Pain/Discomfort: 
F6,234=154.67, p<.001; Distress: F6,234=73.40, p<.001), indicating an effective stress induction 
via the MAST procedure.  Specifically, hand surface temperature dropped substantially 
upon the first immersion, slightly recovered during each math portion, while demonstrating 
an overall downward pattern of decreasing temperature across the MAST with subsequent 
partial recovery relative to baseline across the 30-minute recovery period (Figure 9).  Visual 
analog scales of subjective stress demonstrated a higher increase in Distress relative to 
Pain/Discomfort at pre-MAST, the period of reading instructions about the task.  In 
contrast, higher Pain/Discomfort relative to Distress was observed at post-MAST, during 
the first recovery rest period.  Both Pain/Discomfort and Distress ratings returned to 
baseline levels by the end of the sessions, overall. 
 
Resting respiration and cardiac metrics 
 For respiration rate during the baseline recording block of the laboratory visits, no 
main effects or interactions were observed (Table 7).  However, a significant increase in 
breathing rate from pre to post-workshop was evident for WOW (13.1±2.7 vs. 15.0±3.9 
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breaths per minute, p=.0135, d=0.56).  No change was observed for YESplus (14.1±3.1 vs. 
14.2±4.2 bpm, p=1.0, d=0.05) (Figure 11).    

For heart rate, main effects of Visit (F2,86=6.08, p=.003) and Group (F2,86=3.27, 
p=.043) were observed, as well as a Visit*Group interaction (F2,86=5.60, p=.023).  These 
effects appeared to be driven by an increase in resting heart rate for WOW (72.9±8.5 vs. 
80.1±8.8 beats per minute, p=.001, d=0.81).  Similar to respiration, no changes were 
observed for YESplus in terms of resting heart rate (79.6±9.2 vs. 82.2±10.0 bpm, p=.805, 
d=0.25).  

Total heart rate variability (HRV) demonstrated a main effect of Visit (F2,86=3.17, 
p=.047), but not Group, nor Visit*Group interaction.  No significant within-group changes 
were detected.  Respiratory sinus arrhythmia was also examined for changes in resting 
values across timepoints, after examining individual respiration traces for each recording 
(Figure 5) and removing RSA values for recordings with respiratory rates outside of the 
0.12-0.40Hz window (3 total excluded for YESplus, 4 for WOW).  Similar to total HRV, a 
main effect of Visit was observed (F2,86=7.94, p=.001) but not for Group nor Visit*Group.  
WOW demonstrated a significant decrease in RSA from pre to post (7.0±1.3 vs. 6.4±1.4, 
p=.027, d=-0.47), while YESplus showed a significant decrease from pre to follow-up 
(6.8±1.1 vs. 6.2±1.3, p=.014, d=-0.49).   
 
Seasonal effects on cardiac metrics 
 Given that prior studies have reported seasonal variations in cardiac metrics (Kristal-
Boneh, Froom, Harari, Malik, & Ribak, 2000; Kristiansen, Olsen, Skotte, & Garde, 2009), 
and that present study is interested in intervention-related changes in heart rate and HRV 
measured at different times of the academic year, resting baseline values were examined for 
any relationship with season or photoperiod.  A 1x3 ANOVA did not reveal a significant 
effect of Wave, i.e. across the three waves of enrollment in Fall 2015, Spring 2016, and Fall 
2016.  When examining a possible effect of photoperiod more closely by correlating the 
cardiac values with the number of days from winter solstice that the recordings were 
performed, still no relationship was found. 
 
Stress Response 
 Stress responses was evaluated using the baseline-corrected heart rate values 
averaged across all blocks of the MAST, i.e. the percent change from resting baseline within 
each laboratory visit.  A main effect of Visit was observed (F2,86=10.85, p<.001) but not 
Group nor Visit*Group.  The main effect of Visit persisted after adding the raw baseline 
values as a covariate to the model (F2,86=9.14, p<.001).  Significant within-group decreases 
in baseline-corrected heart rate on the MAST were evident at both post and 3-month follow-
up relative to pre-workshop (YESplus: d=-0.52 and -0.92, respectively; WOW: d=-0.87 and 
0.70) (Figure 12).   
 For total HRV, a main effect of Visit was observed (F2,86=7.18, p=.001) but not 
Group nor Visit*Group.  Similar to heart rate, the main effect of Visit persisted after 
adjusting for raw baseline values (F2,86=4.78, p=.011).  Significant increases in baseline-
corrected total HRV averaged for the MAST were evident for WOW from pre to post (-
1.2±9.5% vs. 3.6±8.3%, p=.039, d=0.54) as well as from pre to follow-up (3.7±7.3%, 
p=.017, d=0.58). 
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Recovery from Stress Induction 
 In terms of recovery of heart rate from stress response, as measured by the resting 
recording window 30 minutes post-onset of the MAST relative to resting baseline, a main 
effect of Visit was observed (F2,86=5.40, p=.006).  This effect appears to be driven by a 
significant decrease at recovery specifically for WOW (-2.5±6.2% vs. -7.7±6.4%, p=.025, 
d=0.82; Figure 12).  Importantly, however, the main effect of Visit was diminished when 
correcting for raw baseline values as a covariate (F2,86=2.53, p=.086).  No significant 
changes across time were observed for YESplus, and no model effects or within-group 
changes were observed for HRV. 
 
 
DISCUSSION 
 

This study investigated the effects of two brief interventions with contrasting 
approaches to stress-management.  YESplus and WOW participants reported similarly high 
ratings of the workshops, along with similar retention rates from first to last day of 
workshop, as well as from post to 3-month follow-up.  YESplus demonstrated significant 
decreases in perceived stress and increases in social connectedness at post as well as 3-
month follow-up relative to pre-workshop.  A pattern of decreasing sleep disturbance across 
time was also observed for YESplus, in contrast from a return to baseline values by follow-
up for WOW.  A number of other improvements in self-report measures of well-being were 
observed for YESplus, but not WOW after correcting for multiple comparisons.  At 
laboratory visits, WOW demonstrated increases in resting breathing rate and heart rate from 
pre to post-workshop, while YESplus did not change.  Decreases in baseline-corrected heart 
rate during stress induction were evident for both groups at post as well as 3-month follow-
up relative to pre-workshop.  However, improvements in baseline-corrected heart rate 
variability, the primary cardiac outcome measure, were evident only for WOW, both during 
stress induction as well as during recovery.   
 
Active comparison and intervention fidelity 

A strength of this study in the context of the current literature on YESplus and other 
SKY training workshops is the incorporation of an active comparison workshop with 
equivalent setting, duration, and group format to account for placebo effects that are very 
likely to contribute to positive treatment outcomes.  Participants reported similarly high 
ratings of the two workshops, which significantly increased from the first day to the final 
day of the workshop in both groups.  Thus, the workshops were perceived with an 
equivalent level of perceived legitimacy and expected benefit, enabling more confident 
interpretation of unique changes in YESplus to be due to the unique content and 
intervention targets.   
 
Self-report outcomes 

As a study primarily focused on stress-management interventions, one primary self-
report outcome was change in perceived stress (PSS) across time.  A significant reduction 
was only observed for YESplus, corresponding to a large effect size.  The two other primary 
domains of interest for this study, sleep (PSQI) and social connectedness (SC), also 
demonstrated unique patterns of change for YESplus.  Although the within-group 
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comparisons across time were significant after correction for multiple comparisons only for 
SC, a Visit*Group interaction was observed for PSQI, along with a medium effect size 
difference between pre-workshop and follow-up values (d=-0.48).  Moreover, the average 
PSQI score for YESplus at follow-up (M=4.7) fell below the commonly used cut-off of 5 to 
indicate clinically meaningful sleep disturbance, whereas the mean score for WOW at 
follow-up (M=6.7) is above this cut-off and also slightly above the pre-workshop mean.  
Taken together, the conceptual model presented in Figure 1 was supported by these 
outcomes, suggesting that YESplus was uniquely associated with improvements in 
psychological stress, sleep, and social connectedness as three key domains with convergent 
contributions to well-being. 

Furthering this claim, significant changes from pre to post-workshop and/or pre to 
follow-up were also observed for YESplus across several secondary measures, including 
decreased general distress, decreased depression, increased conscientiousness, increased self-
esteem, and increased satisfaction with life.  The majority of these changes were evident at 
post-workshop and maintained at follow-up.   
 
Resting measures of breathing rate and autonomic activation 
 Given the reported associations between resting heart rate measures of autonomic 
activation and health outcomes (Thayer et al., 2012), it is useful to consider these measures 
here in addition to stress response.  WOW participants demonstrated significant increases in 
breathing rate and heart rate, along with decreases in RSA, from pre to post-workshop.  
This finding appears to reflect an anticipatory stress response elicited by merely being in the 
laboratory again, knowing that a stress induction task similar to their first laboratory visit 
will soon follow.  Many prior studies with repeated administration of stress induction tasks 
have also found this type of anticipatory stress response (Bali & Jaggi, 2015; Quaedflieg et 
al., 2017).  YESplus participants, in contrast, appeared to be more resilient to this 
anticipatory stress response, showing no significant changes in resting breathing rate or 
cardiac metrics between pre and post-workshop, although a significant decrease in RSA was 
observed at follow-up relative to pre-workshop.  The interpretation of this result as a 
reflection of greater resiliency is consistent with a prior study of YESplus that found a 
protective maintenance of baseline levels of biological stress markers during periods of exam 
stress (Subramanian et al., 2012).  Alternatively, the unique change in these measures for 
WOW may be accounted for by unexplained variables not controlled for by randomization. 
 
Cardiac stress response and recovery 

Laboratory stress induction via the Maastricht Acute Stress Test (MAST), during 
which participants were instructed to alternate between immersing their hand in ice water 
and performing mental arithmetic while receiving negative feedback, was effective in 
eliciting an acute stress response in terms of subjective ratings (Figure 10), changes in hand 
surface temperature (Figure 9), and heart rate (Figure 12).  Both YESplus and WOW 
demonstrated improvements in cardiac stress response, as reflected by decreases in baseline-
corrected HR and increases in baseline-corrected HRV.  These results may be interpreted as 
improved autonomic regulation during stress induction relative to the resting baseline 
within that laboratory visit for both groups.  In addition to the potential benefit in terms of 
daily stress, this finding may have important implications for the trajectory of response to 
significant life stress, as for example, elevated cardiac metrics of stress in the context of 
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trauma have been reported to predict subsequent development of post-traumatic stress 
symptoms (Shalev et al., 1998). 

Regarding recovery from stress induction, both groups demonstrated a return past 
resting baseline at all three timepoints.  In other words, not only did participants recover, 
HR was lower and HRV was higher at recovery compared to the baseline within that 
laboratory visit.  However, only for WOW participants was the baseline-corrected recovery 
significantly better at post-workshop than pre-workshop, specifically for HR but not HRV.   

Baseline-corrected values were used in order to account for individual differences in 
HR and HRV values, however as noted above, these resting baseline values were susceptible 
to change at post-workshop and follow-up compared to pre-workshop, possibly due to an 
anticipatory stress response.  Thus, the changes in baseline-corrected values during the 
MAST over time may partly reflect an increased anticipatory stress response, particularly for 
the WOW group.  This interpretation is supported by the diminished effect that was 
observed after including raw resting HR values to the model, suggesting that the improved 
recovery in HR for WOW may have been primarily driven by higher baseline values at post-
workshop (i.e. a higher starting point), rather than improved end-point recovery. 
 
Intervention-specific outcomes 
 Given the different targets of these two interventions, it is meaningful to examine 
outcomes relevant to these specific targets.  YESplus had a prominent focus on social 
interaction through partnered discussions, a community service activity, and emphasis on 
social relationships.  Corresponding to this focus, YESplus demonstrated significant 
increases in self-report ratings of social connectedness, whereas WOW did not show 
significant changes.  Conversely, WOW targeted a cognitively based approach to stress-
management with material focused on the science of stress, stress reappraisal, cognitive 
restructuring, and preparing for stress by increasing planning and organization skills.  
Accordingly, WOW demonstrated an increase in Big Five-Neuroticism at post-workshop 
compared to pre-workshop (d=0.37, compared to d=-0.06 for YESplus), although this 
change was not significant after Bonferroni correction.  Finally, another key benefit 
purported to be unique to YESplus is an improvement in autonomic regulation via SKY 
practice, and indeed at least a dozen studies have reported results consistent with this aim 
(Bhaskar, Kharya, Deepak, & Kochupillai, 2017; Goldstein et al., 2016; Zope & Zope, 
2013).  As highlighted above, nearly all these studies involved either no control group or 
waitlist only.  Here, YESplus appeared to demonstrate resilience to an anticipatory stress 
response in terms of breathing rate, HR, and HRV, whereas the active control, WOW, 
showed significant changes in these metrics consistent with anticipatory stress.  However, 
YESplus did not demonstrate a notably better response to stress induction or recovery in 
terms of HR or HRV compared to WOW.  Further investigation is warranted to disentangle 
the influence of baseline correction on these outcomes described above and to provide a 
more detailed lens on physiological stress response characteristics unique to YESplus. 
 
“Completers” versus “Non-completers” 

Another question that arises is whether there are considerations that meaningfully 
distinguish participants who completed all study timepoints versus those who dropped out 
after the post-intervention (T2) timepoint.  “Completers” vs. “non-completers” were 
compared across demographic variables both by collapsing groups as well as evaluating 
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YESplus and WOW separately, finding no significant differences (p’s: 0.11 - 0.99).  In 
addition, the effect size change from pre-intervention to post-intervention for primary 
outcome measures was compared for each intervention group between “completers” and 
“non-completers,” finding a general pattern of similar magnitude of change, in some cases 
stronger for “non-completers,” suggesting that poorer treatment benefit is an unlikely 
explanation for subsequent attrition or distinguishing feature between “completers” and 
“non-completers.”   
 
Voluntary and involuntary respiratory control, and possible mechanisms of yogic breathing 
 In addition to the intervention-specific outcomes that distinguish YESplus and 
WOW, discussion of respiratory physiology pertaining to possible mechanisms of the yogic 
breathing techniques taught in YESplus is warranted.  Along with sensors and effects of the 
respiratory system, central control of breathing involves an involuntary component 
regulated by the brainstem and a voluntary component regulated by the cerebral cortex 
(Benditt, 2018).  Automatic control by the brainstem is understood to consist of three 
distinct centers in the medulla and pons that generate respiratory drive and rhythmicity.  
Nerve tracts in the lower brainstem, spinal cord, and motor neurons involve both chemical 
and mechanical processes to transmit impulses to effectors (i.e. respiratory muscles) and 
feedback receptors.  The primary function of automatic respiratory control is to deliver 
oxygen to the body for energy and remove carbon dioxide as cellular metabolic waste.  
Voluntary control by the cortex can interact or override these automatic regulators (within 
limits) via motor neurons in corticospinal tracts, either by means of inhibiting or initiating 
the inspiratory or expiratory phases of the breath cycle (Butler, 2007).  
 According to a neurophysiologic model of the SKY practice (Brown & Gerbarg, 
2005b), each specific breathing technique, or portion of the practice, is thought to have 
specific effects on respiratory control and autonomic activity.  Slow ujjayi breathing is 
understood to decrease chemoreflex sensitivity and improve baroreflex response due to 
changes in regulation by the vagus nerve.  Increased airway resistance during ujjayi 
breathing by the contraction of laryngeal muscles and partial closure of the glottis is 
understood to stimulate somatosensory vagal afferents, further improving baroreflex 
activation.  Bhastrika, the fast-paced breathing sequence, is understood to increase 
sympathetic and parietal cortical activation, overlapping with voluntary control centers of 
breathing, while also involving acute changes in blood pressure due to the rapid raising of 
the arms above the heart with each breath.  Taken together, the SKY techniques are 
understood to have mixed short-term effects on cardiac metrics, including heart rate slowing 
and increased heart rate variability during ujjayi breathing, as well the opposite pattern 
during bhastrika that engages sympathetic activation, followed by more consistent long-term 
effects on resting cardiac metrics, namely slower heart rate and increased heart rate 
variability.   These theorized effects of SKY on components of both voluntary and 
involuntary control of respiration provide consideration of some of the unique physiological 
mechanisms specific to YESplus in this study, however further research is needed to better 
clarify and test these distinct components. 
 
Comparison with stress-management intervention literature 
 Another question is how these findings compare with other stress-management 
interventions for students as well as the existing YESplus literature.  Several systematic 
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reviews and meta-analyses have reported on stress-management interventions for students 
(Conley, Durlak, & Kirsch, 2015; Regehr, Glancy, & Pitts, 2013), finding substantial 
heterogeneity in the approach and format of these interventions.  There have been generally 
consistent improvements in stress, depression, and anxiety across these studies similar to the 
findings reported here, although the wide variety of specific questionnaires used in these 
studies creates difficulty for comparison with the findings reported here.  However, a few 
reports with the primary self-report outcomes used here are available for reference.  Baseline 
PSS scores in this study were higher than the initial normative sample of general U.S. adults 
(Cohen & Williamson, 1988).  In a study evaluating a psychoeducation group versus wait-
list control in college students, pre- and post-workshop mean values on the PSS (per item, as 
this study used a 4-item scale) were comparable to the values of this study, similarly finding 
a small-to-medium effect size change as observed for WOW (Steinhardt & Dolbier, 2008).  
In another study evaluating a mind-body intervention for college students versus wait-list 
control, mean PSS values per item (from the 14-item scale version) were slightly higher than 
those observed in this study, although the magnitude of change was comparable (Deckro et 
al., 2002).  One other reference study examined a mindfulness intervention via audio CD 
versus no treatment control in medical students, observing lower pre-intervention PSS 
scores than those reported here, with a slightly lower magnitude of change (Warnecke, 
Quinn, Ogden, Towle, & Nelson, 2011).  Finally, a direct comparison of values for PSS as 
well as SC is available from an open-trial pilot study of YESplus (Goldstein et al., 2016), 
which found comparable pre-workshop scores for both PSS and SC but with an even greater 
magnitude of change on these measures.  Taken together, the mean baseline values for the 
primary self-report outcomes PSS and SC reported here are in line with the prior literature, 
with generally comparable magnitude of change as the active groups used in prior studies. 
 
Limitations 
 Several important limitations of this study merit discussion.  First, participant 
attrition substantially affected the resulting sample size and corresponding statistical power.  
Although initial enrollment targets were met, less than half of randomized participants 
completed all three timepoints.  However, retention rates were comparable across groups 
and over 90% in each group who started the workshop successfully completed the 
workshop.  Second, confident use of respiration data to enable a focused analysis on RSA 
specifically (rather than total HRV) was limited to resting baseline periods, due to the 
variability in data quality of the respiratory plethysmography signal during stress induction.  
Thus, it is possible that a more detailed analysis of changes in autonomic activation, 
particularly vagal control, would be possible with better quality respiration data.  Third, in 
addition to the concern about data quality for respiration signals, physiological data for 
these analyses were constrained to ECG and therefore, there is limited context for 
interpreting the changes in autonomic regulation.  Fourth, detailed practice logs were not 
able to be consistently collected in this study due to logistical limitations and concern for 
participant burden.  Although retrospective reports of daily practice of intervention 
techniques for both groups are available for follow-up analysis, future studies would benefit 
from prioritizing more controlled collection of practice log data. 
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Future directions 
College students are a valuable population to target with interventions aiming to 

enhance stress-management and wellness given that they are in a life stage of significant 
transition, are learning habits with long-term implications on their health and wellness, and 
students are in a unique position to substantially impact society as they develop their 
professional lives.  Although this study importantly contributes to the literature due to the 
inclusion of an active comparison group accounting for a number of placebo effects, the 
YESplus intervention is a multi-faceted, integrative workshop that likely has multiple active 
ingredients contributing to the observed effects.  Future research would benefit from 
dismantling some of these components to evaluate their relative contributions and additive 
effects.  Furthermore, examination of individual differences and predictive characteristics of 
treatment outcomes would be valuable, as participants differentially respond to treatment 
components and treatment environments.  Additional analysis of the data presented here 
would be useful to provide a more detailed lens on autonomic activation in the context of 
stress, such as cardiorespiratory synchrony and detailed analysis of stress response to each of 
the sequenced blocks of the MAST.  Also, although the MAST offers meaningful ecological 
validity due to its components of social evaluation and physical discomfort that are aspects 
of daily stress, future research would benefit from examining tasks that more realistically 
simulate specific daily situations.  Finally, further investigation is warranted to examine 
mediators and moderators of the observed changes from this study to provide further 
evaluation of the conceptual model linking stress, sleep, social connectedness, and well-
being.  
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